Human populations experience viral diseases frequently around the world and many of these viral infections remained to be treated or pose resistance to antiviral drugs.^[@bibr1-2156587216676421][@bibr2-2156587216676421]--[@bibr3-2156587216676421]^ Infections caused by herpes simplex virus (HSV) are public health concern worldwide. These infections range from inapparent to severe life-threatening infections such as encephalitis.^[@bibr4-2156587216676421]^ During the past two decades, the mechanisms of replication and pathogenesis of HSV-1 and thus the potential antiviral targets in this virus have been widely understood and leads to development of antiviral compounds that target this virus.^[@bibr4-2156587216676421]^ A category of nucleoside analogues, acyclovir, is widely used to treat HSV-1 infections as a drug of choice.^[@bibr5-2156587216676421]^ However, a major problem associated with use of acyclovir, is the development of drug-resistant HSV strains, particularly in patients with acquired immune deficiency syndrome.^[@bibr6-2156587216676421]^ Therefore, antiviral agents from medicinal plants with new effective compounds exhibiting different modes of action against viral infections are urgently needed.

Medicinal plants have been used for many years for the treatment of human diseases^[@bibr7-2156587216676421][@bibr8-2156587216676421][@bibr9-2156587216676421]--[@bibr10-2156587216676421]^ and a number of herbal medicines have been developed into therapeutic agents or have had promising results.^[@bibr11-2156587216676421][@bibr12-2156587216676421][@bibr13-2156587216676421][@bibr14-2156587216676421]--[@bibr15-2156587216676421]^

Belonging to the family of Fagaceae, genus *Quercus* contains 500 species, some of which such as *Quercus brantii* L are predominant in central and northern regions of Iran.^[@bibr16-2156587216676421]^ The fruit of oak tree is called acorn and is placed within a cup called gland. Vitamins, nutrients, and carbohydrates have been reported to comprise a large portion (48%-85%) of acorn components. Acorn also contains considerable amounts of phenolic, tannin, catechin, epicathechin, and gallocatechin components.^[@bibr16-2156587216676421][@bibr17-2156587216676421][@bibr18-2156587216676421]--[@bibr19-2156587216676421]^

There are some reports indicating different biological activities of some species of genus Oak.^[@bibr20-2156587216676421],[@bibr21-2156587216676421]^ Different species of *Quercus* have been reported to have antibacterial activity,^[@bibr17-2156587216676421],[@bibr22-2156587216676421],[@bibr23-2156587216676421]^ antiviral activity,^[@bibr24-2156587216676421],[@bibr25-2156587216676421]^ antioxidant activity,^[@bibr26-2156587216676421],[@bibr27-2156587216676421]^ and gastroprotective effect.^[@bibr28-2156587216676421]^

To the best of our knowledge, to date, there has been no report on the antiviral activity of different fractions of *Q brantii* acorn. Therefore, this research was aimed to prepare crude ethanol extract and 4 corresponding fractions of *Q brantii* acorn and to evaluate anti-HSV-1 activity of these plant materials in vitro.

Materials and Methods {#section1-2156587216676421}
=====================

Plant Collection {#section2-2156587216676421}
----------------

The fruits of oak (*Q brantii)* were gathered from the mountains around the Lordegan city southwest region of Iran. The genus and species of the plant were identified and confirmed by Professor M. Rafieian, in the herbarium of Medical Plants Research Center of Shahrekord University of Medical Sciences, Iran (herbarium number 325).

Extraction and Fractionation of Plant Material {#section3-2156587216676421}
----------------------------------------------

Extraction and fractionation were according to Moradi et al^[@bibr26-2156587216676421]^ with some modification. The acorn powder was dissolved in 70% ethyl alcohol and kept at room temperature for 96 hours. After that, the mixture was filtered and concentrated under nearly vacuum pressure and at 40°C using rotary evaporator. The process was repeated 3 times with intervals of 4 days. The crude extract was dissolved in 70% ethyl alcohol, and partitioned respectively with hexane, chloroform, ethyl acetate, and butanol. The hexane, chloroform, ethyl acetate, butanol, and last remaining aqueous fractions were evaporated to obtain fractions.^[@bibr26-2156587216676421]^ The extracts were kept in sterile bottles, under refrigerated conditions, until further use. The extracts were suspended at 37°C in dimethyl sulfoxide (DMSO) to give a stock solution of 25 mg/mL, dissolved in culture medium, filtered (Millipore 0.22 μm) and stored at 4°C until use. The small percentage of DMSO present in the wells (maximal 0.2%) was found not to affect the experiment.^[@bibr29-2156587216676421]^

Determination of Total Phenolic Content {#section4-2156587216676421}
---------------------------------------

The total phenolic content of the crude extract and 4 corresponding fractions of *Q brantii* fruits was determined using Folin-Ciocalteu method.^[@bibr30-2156587216676421]^ Briefly, 0.1 mL of each of the diluted samples was added to 0.5 mL of 10% (v/v) Folin-Ciocalteu reagent and kept at room temperature for 3 to 8 minutes. Subsequently, 0.4 mL of 7.5% (w/v) sodium carbonate solution was added to the mixture. After being kept in total darkness for 30 minutes, the absorbance of the reaction mixture was measured at 765 nm using a ultraviolet-visible spectrophotometer (UNICO 2100). The total phenolic content were calculated using a gallic acid calibration curve. The results were expressed as milligrams gallic acid equivalents (GAE) per gram of dry plant matter.

Determination of Total Flavonoid and Flavonol Content {#section5-2156587216676421}
-----------------------------------------------------

The total flavonoid and flavonol content of the extracts were measured as previously reported method.^[@bibr31-2156587216676421]^ Briefly, 0.5 mL of each diluted plant material was independently mixed with 1.5 mL of methanol, 0.1 mL of 10% (w/v) aluminum chloride, 0.1 mL of 1 M potassium acetate, and 2.8 mL of distilled water. Following incubation at room temperature for 40 minutes (for total flavonoid) and for 2.5 hours (for total flavonol), the absorbance of the reaction mixture was read at 415 nm for total flavonoid and 440 nm for total flavonol) using an ultraviolet-visible spectrophotometer (UNICO 2100). The results were expressed in milligrams of rutin equivalents per gram of dry plant matter (mg RUT/g) by comparison with the standard curve, which was made in the same condition.

All measurements were carried out in triplicate and statistical analysis was done by statistical software using 1-way analysis of variance and the post hoc Tukey's test.

Cell and Virus {#section6-2156587216676421}
--------------

Baby hamster kidney (BHK) was kindly provided by Pasteur Institute of Iran. The cells were grown in Dulbecco's modified Eagle's medium (DMEM; Sigma) supplemented with 10% of fetal bovine serum (FBS; Gibco), 100 µg/mL of streptomycin, 100 UI/mL of penicillin, and 0.25 µg/mL amphotericin B (Gibco), at 37°C and 5% CO~2~. The same medium containing 2% phosphate-buffered saline (PBS) was used for cytotoxicity and antiviral assays. HSV-1 (HSV-1, KOS strain) was kindly provided by University of Tarbiat Modares, Tehran, Iran. Virus stock was prepared by infection of confluent monolayer BHK cells in 75 cm^2^ culture flasks using DMEM medium with 2% FBS, at 37°C in 5% CO~2~. Virus titer was determined by cytopathic effect (CPE) of HSV-1 in BHK cells and was expressed as the 50% tissue culture infective dose (TCID~50~) per milliliter.

Cytotoxicity Assay {#section7-2156587216676421}
------------------

Prior to the investigation of anti-HSV-1 activity, the cytotoxic effect of the test compounds was determined. Briefly, BHK cells were seeded onto 96-well plates with a concentration of 10 000 cells/well with final volume of 100 µL per well. After incubation at 37°C for 24 hours, when the cell monolayer was confluent, the cell culture medium of cells aspirated and washed with PBS. Cells were incubated with 100 µL/well of various concentrations of ethanolic extract or each fraction (in triplicates) and incubated for further 3 days. The number of living cells was determined by the MTT \[3-(4, 5-dimethylthiazol-2ol) 2,5 diphenyltetrazolium bromide\] assay.^[@bibr32-2156587216676421]^ Briefly, the supernatants were removed from the wells and 50 μL of an MTT (Sigma) solution (1 mg/mL in PBS) was added to each well. The plates were incubated for 4 hours at 37°C, and 100 μL of DMSO (Samchun Korea) was added to the wells to dissolve the MTT crystals. The plates were placed on a shaker for 15 minutes and the absorbance were read on an enzyme-linked immunosorbent assay reader (STATA FAX 2100) at 492 nm. Data were calculated as the percentage of toxicity using the following formula: toxicity (%) = \[100 -- (At/As) ×100\]%, where At and As refer to the absorbance of the test substance and the solvent control, respectively.^[@bibr29-2156587216676421]^ The 50% cytotoxic concentration (CC~50~) was defined as the cytotoxic concentration of the crude extract and the fractions by regression analysis.

Antiviral Assay {#section8-2156587216676421}
---------------

Antiviral activity of the fractions was evaluated by inhibitory activity assay using MTT method, as described previously.^[@bibr29-2156587216676421]^ Briefly, 100 µL (100TCID~50~) virus suspension was added to confluent BHK cell monolayer in a 96-well plate, and incubated at 37°C for about 1 hour to allow virus adsorption. Thereafter, serial 2-fold dilutions prepared from nontoxic dose of the crude extract and the fractions (below the CC~50~ value) were added and tested in triplicate. As virus control, cells were infected with the same concentration of virus but without addition of extract. As a cell control, only 1% DMEM was added to the cells. The plates were incubated at 37°C for 3 days. DMSO with 0.1% concentration and a solution of acyclovir (Sigma) were used as negative and positive controls, respectively. Cell viability was also determined using previously described MTT assay.^[@bibr29-2156587216676421]^ Data were calculated as the percentage of inhibition using the following formula: Antiviral activity (%) = (Atv -- Acv)/(Acd -- Acv) × 100%, where Atv, Acv, and Acd are the absorbance of the test compounds on virus infected cells, the absorbance of the virus control, and the absorbance of the cell control, respectively.^[@bibr29-2156587216676421]^ The experiment was performed in triplicate. The 50% inhibitory concentration (IC~50~) was determined from a curve relating inhibition to the concentration of each extract/fractions. Selectivity index, as a marker of antiviral activity, was determined as the ratio of CC~50~ to IC~50~.

Time-of-Addition Assay {#section9-2156587216676421}
----------------------

The time-of-addition effect of the crud extract and the corresponding fractions of *Q brantii* was evaluated with minor modifications in previously described method.^[@bibr33-2156587216676421]^ To assess the effect of both the extract and the fractions both in the adsorption and postadsorption events of HSV-1 replication, the virus was treated with one time IC90 of these plant materials (crud extract = 10, *n*-butanol fraction = 6, chloroform fraction = 7, *n*-hexane fraction = 274, and remaining aqueous fraction = 127μg/mL) in 3 different manners, as both the extract and the fractions were present; (1) only during the adsorption period (adsorption), (2) after adsorption and until the end of the experiment (postadsorption), and (3) during and after the adsorption (throughout) ([Figure 1](#fig1-2156587216676421){ref-type="fig"}). To carry out these experiments, 90% confluent cells were chilled at 4°C for 1 hour followed by infection with100 µL/well of HSV-1 (100TCID~50~) in the presence or absence of extract/fractions and further incubated at 4°C for 1 hour allowing only the adsorption step of the viral particles to the cells (adsorption). Subsequently, the supernatant was removed, the cells were washed twice with ice-cold PBS, and the medium with or without the extract/fractions was replaced with an equal volume of DMEM and 1% PBS, and incubated for 3 days. Using MTT assay, cell viability and the percentage of viral inhibition was evaluated compared with the control. Data represented as the percentage of virus inhibition compare with untreated control as mean ± standard deviation (n = 3). Statistical analysis was carried out by statistical software using 1-way analysis of variance and the post hoc Tukey's test.

![Scheme of addition of extract/fractions in the adsorption and post-adsorption stages of herpes simplex virus type-1 (HSV-1).^[@bibr33-2156587216676421]^ Open and black arrows indicate the absence and presence of extract, respectively.](10.1177_2156587216676421-fig1){#fig1-2156587216676421}

Statistical Analysis {#section10-2156587216676421}
--------------------

All experiences were carried out in triplicate. The IC~50~ and CC~50~ values were calculated using dose-response analyses and related models with probit procedure using SPSS program. A *P* value of less than .05 was considered statistically significant.

Results {#section11-2156587216676421}
=======

Total Phenolic, Flavonoid, and Flavonol Compounds {#section12-2156587216676421}
-------------------------------------------------

To standardize the crude extract and the corresponding fractions, total phenolic, flavonoid, and flavonol compounds were measured. Total amount of phenolic compounds showed that among the 4 fractions, the *n*-butanol (376.2 ± 7.1 mg GAE/g) and the n-hexane (24.4 ± 3.5 mg GAE/g) had the highest and the lowest amount of total phenolic compounds, respectively. The total phenolic of the crude extract, the chloroform fraction, the *n*-butanol fraction, and the aqueous fraction were significantly different from that of the *n*-hexane fraction (*P* \< .05; [Table 1](#table1-2156587216676421){ref-type="table"}). The highest amount of flavonoid and flavonol (91.6 and 105 mg RUT/g, respectively) were in cholorophorm fraction and the lease amount (5.8 and 1.1 mg RUT/g, respectively) was in aqueous fraction (*P* \< .05; [Table 1](#table1-2156587216676421){ref-type="table"}).

###### 

Total Phenolics, Flavonoid, and Flavonol Values of the Different Fractions of *Quercus brantii* Fruit^a^

![](10.1177_2156587216676421-table1)

  Sample                       Total Phenolics^b^   Flavonoid Content^c^   Flavonol Content^c^
  ---------------------------- -------------------- ---------------------- ---------------------
  Crude extract                201.6 ± 4.0          14.7 ± 2.2             33.6 ± 2.0
  *n*-Hexane fraction          24.4 ± 3.5           16.8 ± 2               2.4 ± 0.5
  Choloroform fraction         222.5 ± 2.5          91.6 ± 1.5             105 ± 4.5
  *n*-Butanol fraction         376.2 ± 7.1          22 ± 2                 70.9 ± 55
  Remaining aqueous fraction   120 ± 3.5            5.8 ± 0.5              1.1 ± 0.4
  *P*                          \<.01                \<.01                  \<.01

^a^All results are presented as mean ± standard error of the mean of 3 assays.

^b^Milligrams gallic acid equivalent per gram of extract powder.

^c^Milligrams rutin equivalent per gram of extract powder.

Cytotoxicity and Anti-HSV-1 Activity {#section13-2156587216676421}
------------------------------------

Based on MTT results and probit analysis the CC~50~ value of crude extract, *n*-butanol fraction, and chloroform fraction was 208, 112.5, and 156.1 µg/mL, respectively ([Table 2](#table2-2156587216676421){ref-type="table"}). The analysis showed that there was significant relationship between the concentration of the crude extract, *n*-butanol, chloroform, and remaining aqueous fractions and cell death, with more extract concentration, more cell death (*P* \< .01; [Figure 2](#fig2-2156587216676421){ref-type="fig"}).

###### 

Cell Cytotoxicity, Anti--Herpes Simplex Virus Type-1 Activity, and Selectivity Index of the Crude Extract and 4 Corresponding Fractions of *Quercus brantii* Fruit.^a^

![](10.1177_2156587216676421-table2)

  Extract                      Cell Cytotoxicity^b^ (CC~50~, μg/mL)   Antiviral Activity^c^ (IC~50~, μg/mL)   Selectivity Index^d^
  ---------------------------- -------------------------------------- --------------------------------------- ----------------------
  Crude extract                208                                    4.3                                     48.4
  *n*-Hexane fraction          \>1000                                 120.5                                   \>8.3
  Chloroform fraction          156.1                                  2.9                                     53.8
  *n*-Butanol fraction         112.5                                  3.8                                     29.6
  Remaining aqueous fraction   330                                    59                                      5.6
  Acyclovir^e^                 177.5                                  1.3                                     136.5

^a^Cell cytotoxicity effect and antiviral activity was determined by MTT assay.

^b^CC~50~ was the concentration that showed 50% cellular cytotoxic effect.

^c^IC~50~ was the concentration that inhibited 50% of HSV-1.

^d^Selectivity index is the ratio of CC~50~ to IC~50~.

^e^Acyclovir was included as positive control for the antiviral activity of HSV-1.

![Cytotoxicity of crude ethanol extract and four corresponding fractions of *Quercus brantii* L acorn on baby hamster kidney (BHK) cells. Confluent BHK cells were exposed to different concentrations of crude ethyl alcohol extract and 4 fractions for 48 hours. Cytotoxicity was measured in MTT assay. Experiences were carried out in triplicate.](10.1177_2156587216676421-fig2){#fig2-2156587216676421}

Our results showed that more the extract concentration, more the CPE inhibition in the crude extract, chloroform fraction, and *n*-butanol fraction (*P* \< .05). Based on probit analysis, IC~50~ of crude extract, *n*-butanol fraction, and chloroform fraction, was 4.3, 3.8, and 2.9 µg/mL, respectively. The chloroform fraction, *n*-butanol fraction, and crude extract showed highest effect against HSV-1 with selectivity indicess of 53.8, 29.6, and 48.4, respectively ([Table 2](#table2-2156587216676421){ref-type="table"}). There was good relation between the total flavonoid contents and the selectivity indices in the 4 fractions in this study (*R* = 0.984, *P* = .002).

Characterization of Antiviral Activity {#section14-2156587216676421}
--------------------------------------

To assess the effect of the extract and the fractions both in the adsorption and postadsorption events of HSV-1 replication, different experiments were carried out with one time IC~90~ of these plant materials ([Figure 1](#fig1-2156587216676421){ref-type="fig"}). Our results showed that *n*-hexane and chloroform fractions and acyclovir inhibit HSV-1 replication in the postadsorption stage (*P* \< .001). There was no significance difference in the percentage of postadsorption viral inhibition when *n*-hexane and chloroform fractions and acyclovir were present during all the experimental time (throughout). In contrast, crude extract and *n*-butanol fraction increased the percentage of viral inhibition when it was added in the throughout step of HSV-1 to BHK cells (*P* \< .05). The increase of viral inhibition observed in the postadsorption stage could be due to the inhibitory effect of the *n*-hexane and chloroform fractions on the replication steps of HSV-1 in BHK cells ([Figure 3](#fig3-2156587216676421){ref-type="fig"}).

![The effect of crud extract and the corresponding fractions of *Quercus brantii* fruit on the adsorption and postadsorption of herpes simplex virus type-1 (HSV-1) to the baby hamster kidney (BHK) cell. Data represent the percentage of virus inhibition compared with untreated control as mean ± SD (n = 3). One time 90% inhibitory concentration (IC~90~) was used for this experiment. Statistical analysis was done using statistical software with 1-way analysis of variance and the post hoc Tukey's test. \*\*\**P* \< .001 adsorption versus postadsorption and throughout. \*\**P* \< .05 adsorption versus postadsorption and throughout. \**P* \< .05 throughout versus postadsorption and adsorption.](10.1177_2156587216676421-fig3){#fig3-2156587216676421}

Discussion {#section15-2156587216676421}
==========

Initial screening of plants for exploring their possible active natural products typically begins by using crude aqueous or alcohol extraction and can be followed by various organic extraction methods. These naturally occurring products are often obtained through initial ethanol or methanol extraction.^[@bibr34-2156587216676421]^ In this study, using ethanol as crude extraction solvent, we have shown that the ethanol crude extract and four corresponding fractions of *Q brantii* fruits have high antiviral effect against HSV-1. Although the antiviral activity of different species of *Quercus* has been previously reported,^[@bibr24-2156587216676421],[@bibr25-2156587216676421]^ this is the first report on the antiviral activity of corresponding fractions of *Q brantii* fruit. In this report, crude ethanol extract of *Q brantii* fruits subjected to bioactivity guided fractionation using solubilization sequential partition with different solvents and with increasing polarity include *n*-hexane, chloroform, *n*-butanol, and remaining fractions.

Based on our results, the chloroform fraction showed highest effect against HSV-1 with selectivity index of 156.1. Our findings also indicated that the chloroform fraction had the highest flavonoid and flavonol content among the other fractions studied with significant relationship between flavonoid content and selectivity index (*P* = .002).

Chemical composition screening has shown that flavonoids, alkaloids, glycosides, tannins, phenolic compounds, resins, saponins, terpenes, and steroids are the main components of *Quercus* species acorn with no alkaloids and saponins compound detection.^[@bibr17-2156587216676421],[@bibr35-2156587216676421],[@bibr36-2156587216676421]^ This potential has been attributed to phenolic compounds of *Quercus* species^[@bibr37-2156587216676421]^ such as flavonoids and tannins.^[@bibr38-2156587216676421][@bibr39-2156587216676421]--[@bibr40-2156587216676421]^

Flavonoids have been reported to have antiviral effect against a number of viruses, including dengue virus, hepatitis B virus, human cytomegalovirus herpes simplex virus, respiratory syncytial virus, parainfluenza virus, and adenovirus.^[@bibr41-2156587216676421][@bibr42-2156587216676421][@bibr43-2156587216676421][@bibr44-2156587216676421]--[@bibr45-2156587216676421]^ The interaction of these plant materials with intracellular stages of viral replication cycle in some viruses was previously described.^[@bibr46-2156587216676421]^ Glycone form of flavonoids has been shown to be more effective on rotavirus than their aglycone form.^[@bibr47-2156587216676421]^ The flavonoid fraction was shown to be effective against both HSV-1 and HSV-2 with inhibitory effect on replication cycle of HSV-1.^[@bibr48-2156587216676421],[@bibr49-2156587216676421]^ Therefore, in consistent with these findings, our results might indicate that promising anti-HSV-1 activity of chloroform fraction could be attributed to its flavonoid content.

*Quercus* species are a rich source of polyphenols and tannins,^[@bibr17-2156587216676421],[@bibr35-2156587216676421],[@bibr36-2156587216676421]^ and tannins are contained in bark and fruits of various oak types. Tannins are subclassified into 2 kinds of condensed tannins (proanthocyanidins and gallotannins) and hydrolyzable tannins (ellagitannins). Condensed tannins have antiviral effects against both influenza A virus and HSV-1.^[@bibr50-2156587216676421][@bibr51-2156587216676421]--[@bibr52-2156587216676421]^ The effect of condensed tannins on HSV-1 infection seems to be due to preventing the entry of the virus into the host cell, which is the first critical step in HSV-1 replication.^[@bibr53-2156587216676421]^ Hydrolysable tannins also possess antiviral activities, particularly against HIV infection^[@bibr54-2156587216676421],[@bibr55-2156587216676421]^ and manifest inhibitory effect on HSV-1 and/or HSV-2 replication including acyclovir-resistant strains, as well as Epstein-Barr virus.^[@bibr56-2156587216676421]^ Thus, consistent with these results, the high anti-HSV-1 activity of the chloroform fraction revealed in this study most probably is due to its hydrolysable tannins.

On characterizing the antiviral activity, our results showed that *n*-hexane, *n*-butanol, and chloroform fractions inhibited HSV-1 replication during the postadsorption stage. This finding is in accordance with the reported results of Visintini Jaime et al,^[@bibr33-2156587216676421]^ which demonstrated that *Baccharis gaudichaudiana* organic extract (30 μg/mL) reduced the formation of PV-2 plaques when it was added after the adsorption period.^[@bibr33-2156587216676421]^

Conclusion {#section16-2156587216676421}
==========

Based on our results, the chloroform fraction of *Q brantii* fruit with high inhibitory effect against HSV-1 replication could be a new promising anti-HSV-1 agent. More understanding of the mechanism of action and the natural components of this fraction seems to be valuable. The results of this study also showed high level of flavonoids in the extract. Hence, the antiviral activity of this plant might, in part, be attributed to flavonoid contents.
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